Non-human animals have starred in countless productions of biological research. Whether they play the lead or supporting role depends on the nature of the investigation. These differences in the roles of animals affect nearly every facet of animal involvement, including: the choice of species, the sample size, the source of individuals, and the settings in which the animals are used. These roles establish different baselines for animal use that require substantially different ethical considerations. Efficient and appropriate oversight of wildlife research benefits the animals and their investigators. Toward that end, Institutional Animal Care and Use Committee (IACUCs) must appreciate the profound differences between biomedical and wildlife research and recognize the value of the state and federal permitting processes required for wildlife studies. These processes assure us that potential impacts beyond the level of the individual are minimal or are justified. Most importantly, IACUCs must recognize that they, and their investigators, have an obligation to use appropriate guidelines for evaluating wildlife research.
Introduction
F rom the role of animals in studies to the use of the knowledge acquired, the fundamental purpose and characteristics of wildlife and biomedical research differ in substantial and meaningful ways. In biomedical studies animals are substituted for humans in projects designed to improve human well-being. In contrast, wildlife research projects are designed around the animals to better understand their basic biology. The term "use," as in animals "used" in research, is laden with connotations and values that differ between biomedical and wildlife research. Rather than serving merely as a utilitarian model, wild animals are the focus, and often the beneficiaries, of wildlife research. Unfortunately, "use" as a verb has been well established in regulatory language and is found throughout documents familiar to IACUCs. Even the guidelines published by professional taxon-based societies have defaulted to this language, presumably to be consistent with the expectations of IACUCs and regulatory personnel. Prior concessions to common usage not withstanding, throughout this article we will eschew the term "use" as a verb when speaking of non-biomedical research.
Definitions of "biomedical" typically include language about the promotion or maintenance of health, or prevention of disease in humans. Animals in biomedical research are used as model systems to explore human diseases, test drugs, or understand physiological processes. In these roles, characteristics of the animal systems selected for biomedical studies are critical to their success. The animals must be sufficiently similar to humans so that extrapolation is possible. Uniformity among individuals is also important. Increased within-sample variance, due to age, sex, or genetic heterogeneity, requires larger sample sizes to detect statistical differences among treatments, and is correspondingly more expensive for the researcher. For these reasons, and because of their ease of production, over 95% of all animals used in biomedical research are domesticated rodents of the genera Mus and Rattus that are bred and raised specifically for research (Trull and Rich 1999) . These inbred strains limit the "noise" attributed to genetic variability and allow investigators to focus on the biomedical phenomena of interest. Strains within these species are sometimes engineered with specific genetic traits to facilitate the study of a particular disease or health issue. This is especially important for modern biomedical research where investigators can focus on the underlying genetic components of disease. Complete genomes for these species of mice and rats were among the earliest available for mammals (Gibbs et al. 2002; Waterston et al. 2004 ).
Differences in Focus, Benefits, Costs, and Conditions level, from the individual to the community; and still others to explore evolutionary relationships among taxa. Wildlife management is an application of ecology, physiology, and behavioral science, the goal being a specific modification of population level or structure. Studies at the level of populations, or communities, might require investigators to perturb a system by removing or adding individuals, or species, to a given area. Other studies include efforts to collect animals in a race against time in order to inventory a region, or to document changes in biotic diversity, as we alter natural habitats.
The study of wildlife is not confined to the field. Many investigators bring wild animals into captivity for studies where free-ranging animals are not suitable, or where the natural environment is not conducive to the planned investigation. Whereas field studies are often descriptive, captive studies facilitate experimental manipulation of specific variables that can allow researchers to identify mechanistic explanations for responses first observed in field settings. Even in these settings the differences between wild animals and laboratory strains are profound. Maintenance of wild animals in captivity often requires changes to various aspects of the husbandry process because practices that are common with laboratory strains might cause distress to wild animals (Sikes et al. 2011) . Cage sizes, substrates, and enrichment become especially critical, and cage-cleaning schedules will need to be altered. Final disposition of the animals must be considered; in most cases, releasing wild animals held in captivity is not advisable. Non-release protects local populations, and minimizes pain and distress to both the individuals released, and free-ranging individuals (Fair et al. 2010; Sikes et al. 2011; Paul and Sikes 2013 ).
An example of any one of the previously mentioned types of study will involve wild animals; the studies are simply not possible with domesticated strains in captive environments. In this sense, wildlife research can be interpreted as any study of wild species that contributes to the betterment of those species: whether pure or applied research, whether to improve management or conservation efforts, or to understand the basic biology of the species. These research applications are critically important goals in a world subjected to the level of anthropogenic change we see today. Unfortunately great differences between these types of investigations and biomedical research tax oversight bodies with the formidable responsibility of judging the benefit-to-cost ratio of animal "use" across an enormous breadth of research possibilities and purposes.
In contrast to the need for uniformity, when animals serve as models in biomedical investigations, variability among individuals is often the topic of interest in studies of wildlife. Systematic study of the variability within and among taxa led to the modern taxonomic system that is based on the model established by Carl Linnaeus in the 1700s. Linnaeus was keenly aware that much variation existed among individuals of the same rank and he archived specimens, many still available in museums today, to document this variability. Modern researchers continue this tradition. Natural history museums seek to preserve series of individuals within taxa to try to capture a tiny fraction of the variation that exists within most species. Voucher specimens deposited in these collections often provide the only opportunity to exclude taxonomic differences as explanations for unexpected results where morphologically similar species might have been misidentified. These archived specimens are a priceless record of faunal diversity on both geographic and, especially, temporal scales. Other forms of vouchers are simply not sufficient. Even in the rare event that an adequate photograph can be obtained, photographs or limited biological specimens (such as feather or other tissue samples) can never yield data equivalent to complete specimens. Perhaps most importantly, we can never know what materials might be useful for addressing questions as technology evolves, so the value of museum specimens as a database for future studies is diminished without complete biological specimens. It should be noted that the growth of museum specimen holdings is a by-product and not the purpose of scientific collecting. Our systematic collections have always provided a test-bed for understanding evolution, but even that role has taken on new meaning with our current ability to directly examine the DNA of specimens collected long before the genetic basis of inheritance was understood. Collections also make it possible to the track the distributional changes, or physical responses to environmental disturbances, whether they are anthropogenic or natural.
Variability within and among taxa examined by wildlife biologists is mirrored by the diversity of conditions in which these animals are studied. The researchers cannot control these conditions; very minimal manipulations, usually for the purpose of the study, are all that a researcher can achieve. Whereas laboratories and husbandry facilities are similar from one study to the next within biomedical research and even among institutions, there is little similarity in field sites. The study location might be situated in a swamp, mountaintops for the next, or the open ocean for another. The location for animal work might be ephemeral, used for capturing animals for a single day, or it might be a permanent research base. If it is a base camp, it might be primitive or well equipped. Because most wildlife researchers must conduct at least part of their work where the animals are found in the wild, the logistics and constraints of getting into and out of these field sites can constrain research options. For example, drugs needed for euthanasia or immobilizations might not be allowed on airplanes, or they might not be available at the destination, transportation might not be possible for equipment that is easily accessible in research laboratories. While the diversity of field settings makes wildlife research exciting, it adds an entirely new dimension to the complexity of developing and reviewing protocols for work with wild animals.
Application of Ethical Principles
Ethical considerations surrounding the use of animals in research are grounded in the Three Rs (reduce, refine, replace), proposed by Russell and Birch (1959) as the basic practices needed to minimize pain and distress to research animals. IACUCs rightly dwell on whether use of animals is necessary, whether the least sentient forms are being used, and how a given study might be refined to maximize benefit and minimize pain and distress. These considerations all factor into an overall determination of whether the potential benefits justify the use of animals in a particular study. By definition, humans are the primary beneficiaries of biomedical research, so for the animal subjects that are purpose-bred in captivity for such studies, ethical concerns begin and end with a focus on the humane treatment of individuals and how the benefits to one species (ours) are balanced against the costs to individuals of other species. The small number of species used in biomedical research, the uniformity of their basic biology and husbandry, and overall uniformity of laboratory procedures foster a great commonality in the application of ethical considerations attendant to their use as models.
The scope of ethical considerations and the parameters involved in evaluating benefit-to-cost ratios change when the animals studied in research are wild rather than laboratory strains. The knowledge acquired in wildlife studies nearly always benefits the wild taxa that are studied. Knowledge of the basic biology of wild species contributes to virtually all wildlife management and conservation efforts. Our understanding of the role of the toxins DDT and DDE in thinning the eggshells of raptors, for example, came about though documenting changes in shell thickness in natural history collections (Ratcliffe 1970) . Suspending the use of DDT distribution allowed populations of these raptors to recover. Faunal surveys have altered proposed land use changes to preserve critical habitats (TVA v. Hill, 437 U.S.153 [1978] ). The benefits of wildlife research go well beyond humans and the individual species we might study in a given project. Solid data from long-term ecological research show that each component species of an ecosystem contributes to the systems overall stability (Reich et al. 2012) .
What about costs? Any work with wild animals has the ability to negatively impact individuals of the species, so the Three Rs of Russell and Burch (1959) are just as valid in wildlife as in biomedical research, but the responses to the questions differ markedly. When a physiologist studies a particular cold-blooded species to better understand how individuals respond to spatial distribution of basking sites, replacement of animals with a non-animal model or even with a "lower" (less sentient) form is not an option. By definition, the focus of such research changes when the subject animal changes. Reduction in the number of animals required in a given investigation might be possible, but the inherent variation among wild individuals must be taken into consideration. Wildlife studies might involve fewer individuals than the typical biomedical investigation due to the difficulty of obtaining additional animals that must be captured from the wild rather than purchased. On the other hand, if a study objective is to document patterns that are typical of a species, or are generalizable across populations, then wildlife studies might require larger sample sizes owing to the greater variability within and among populations of animals and differences in habitats they occupy. This same variation-both among individuals and among habitats in the wild-often makes repeated studies of the same question essential. Investigators will take appropriate steps to reduce pain or distress, but basic differences in biology among the diversity of wild forms must be included in our deliberations because procedures and conditions suitable for one species might be inappropriate for another. As always, the appropriate sample size for a given study depends on the scope of the questions posed.
When Does Animal Use or Study Begin?
Humane treatment of animals begins when the investigator has access to animals. In biomedical research, procurement means ordering animals from appropriate vendors, removing animals from shipping containers, and placing them in approved and appropriate housing. Provided the animals are purchased and transported commercially, the ethical responsibilities of the investigator and the IACUC begin with procedures applied to animals once they are housed within the animal facility. For researchers studying wild taxa, acquisition of animals is a very different matter. Generally, the investigator traps or collects the animals to be studied. In cases where animals have been taken into captivity the same animals may be studied in a series of experiments, but they were still acquired from the wild. Techniques for capturing wild animals are diverse and usually tailored to the individual species. Humane capture and manipulation depends not just upon the appropriate device or technique, but also on every other factor that is likely to influence the individuals being handled. These factors can include, but are not limited to: environmental conditions, reproductive status, sex, age, and timing of capture. Further, precautions to guard against pain, distress, or mortality to or from non-target individuals are important. For example, if an animal is sedated to affix a radio transmitter, it must be allowed to recover from sedation in a safe location to minimize the risk of death or injury from other animals while under the influence of drugs.
Beyond the Subject Animals
Of additional concern, and especially problematic for IACUCs to evaluate, are potential impacts beyond the individual. Wild animals exist as part of a population, and in the context of a community where each individual can influence others. In this environment, any time we manipulate an individual there is at least a potential impact on the population and community. Again, the reality is that investigator's actions, including experimental treatments, rarely involve enough individuals to impact a population even when the research entails the permanent removal of a number of animals from the wild.
It should go without saying that the integrity of the natural population and community must be the highest priority in project design. These issues seemingly pose a dilemma for the IACUC, which typically will have no knowledge, and no practical means to obtain useful knowledge about the potential impact of a protocol on the study subjects or other animals and plants in their environment. Fortunately, this is not the dilemma it appears at first blush because of the number of federal and state laws and regulations that serve to guard against such impacts (Paul and Sikes 2013) . Most of these laws and regulations were put in place primarily to control commercial exploitation rather than research, but they still apply to research activities. For this reason, it is important for IACUCs to know that federal law in the United States prohibits the take (defined as any capture, even if followed by release) of many species, including migratory birds, threatened and endangered species, marine mammals, and any wildlife taken, possessed, transported, or sold illegally in a State or foreign country. Individual states within the United States also regulate the take of resident wildlife, so the domestic study of wild species is commonly covered by multiple agencies. These agencies employ biologists to evaluate and issue permits for wildlife research. The issuance of the permit signifies that the controlling agency has determined the potential impact of a study to be negligible or sufficiently justified. See Paul and Sikes, this issue, for a more extensive discussion of permits and the implications of permits for protocol review.
Population effects can arise in diverse and sometimes subtle ways. When experimental procedures require removal of individuals in territorial species, for example, neighboring territory holders might alter their defended area to incorporate a portion or all of the vacant territories (Wingfield 1985) . Marks applied to facilitate recognition by investigators should not also facilitate detection by predators, or otherwise affect survivorship or breeding potential (Use of Fishes in Research Committee 2004). To do so might alter population genetics or dynamics. Removal of dominant males in polygynously breeding species, as an example of another type of experimental manipulation, might alter population genetics by allowing subordinate males increased mating opportunities. The potential population-level disturbance and suitable marking methods often depend upon the biology of the taxon in question, and are addressed in considerable detail in guidelines published by the various taxon-based professional societies. Additionally, investigators should review current literature, and previously acquired data, to determine the potential effects of markers or manipulations. However, IACUCs should also be realistic about the ability of wildlife researchers to provide such data. For some species, and in some habitats, recapture can be easily accomplished (e.g., PIT-tagged pocket gophers, which inhabit stable, permanent burrow systems), whereas recapture by the investigator is unlikely with marked migrating waterfowl or fish in large bodies of water. The reality is that freeranging animals that have been captured and released, whether or not they have been marked or manipulated, may never be seen again, and even if seen, may not be identifiable.
As free-ranging components of the ecosystem, interactions with individuals have the potential to impact natural populations and their community. The level of disturbance at which cascading effects on the broader community might occur is exceedingly unlikely in the context of most wildlife research because samples sizes are generally limited, but the potential for impact increases with insular communities. Moreover, researchers make use of decades of knowledge about the impacts of manipulations of wild conditions when designing their studies. For instance, every entry-level ecology class includes a review of the famous 1966 study of the removal of a keystone predatory starfish on an intertidal community (Paine 1966) . Such knowledge informs study design as much as the understanding of the deleterious effects of certain types of markers or the impact of human presence.
Methods used for capturing or handling target animals can also impact individuals of non-target species. Most traps and nets used to capture wild animals are not species-specific unless they are used during hand capture, so non-target animals can be captured or killed. Many compounds commonly used for immobilization and euthanasia in wildlife constitutes extra-label usage and the compound retention times are not known in all species. The Animal Medicinal Drug Use Clarification Act of 1994 (http://www.fda.gov/AnimalVeterinary/ GuidanceComplianceEnforcement/ActsRulesRegulations/ ucm085377.htm) requires veterinarians to substantially extend withdrawal periods to prevent possible human consumption of treated animals. Retention times become a factor when research activities must be scheduled around hunting and fishing seasons, or other times when human take is possible. These compounds can have impacts on the natural communities as well. Chemicals used for immobilization or euthanasia can have unintended consequences if sedated or euthanized animals are consumed by predators or scavengers. There are many documented instances of secondary poisoning of scavengers and predators, including protected species. These usually have been traced to agricultural use of pesticides or pharmaceuticals rather than research, but researchers must always consider safe means of final disposition of wildlife treated with such compounds.
Other Concerns Unique to Wildlife Research in the Field Setting
In contrast to laboratory settings where pathogen screenings of captive animals are routine and comprehensive health profiles for each animal might be available, the health status of a wild animal is virtually unknown. It is not always obvious when an animal is ill, much less potentially shedding a virus. Wild animals are hosts and vectors for any number of zoonotic diseases. By their very nature wild animals are usually more difficult to handle than domesticated strains, so there is likely to be an increase of bites and mechanical injuries to handlers. These health risks not withstanding, field researchers are more likely to suffer from injury or ailments 8 ILAR Journal associated with field work in general than from the animals being manipulated, as long as reasonable precautions for handling animals are followed. IACUCs must consider occupational health and safety issues; potential exposure to pathogens or injury by wild animals can be a concern, but precautions should match the real risks (Kelt et al. 2010; Ornithological Council 2010; Sikes et al. 2011) . It is especially important that wildlife researchers notify health care providers of their field work and any contact with wild animals should they become ill so that screening for zoonotic diseases is considered as appropriate.
IACUCs are understandably cautious with potential health risks to humans spread from wild animals. IACUCs are usually far less cognizant of the potential for disease transmission or spread in the opposite direction-from contact with humans or their domesticated species to wild animals. Such transmission or spread has occurred repeatedly and can have catastrophic consequences. Recent examples where pathogens have been introduced or spread in natural populations include: the chytrid fungus in amphibians, canine distemper in black-footed ferrets, Serengeti lions, and others, and white-nose syndrome caused by Geomyces destructans in bats. Anthropogenic contribution to the introduction or spread of these pathogens in each case was unintended but has heavily impacted populations of many at-risk species. Since its discovery in the winter of 2006-2007, for example, white-nose syndrome has killed an estimated 5.5 million bats in the United States and Canada (http://www. fws.gov/whitenosesyndrome/pdf/White-nose_fact_sheet_4-2012.pdf ). Although spread of the pathogen has more likely been promoted by recreational spelunkers than by researchers (http://www.fws.gov/whitenosesyndrome/pdf/WhitenoseSyndromeFAQs.pdf ), the US Fish and Wildlife Service has established decontamination procedures to prevent possible spread by researchers working with bats or in cave environments (http://www.fws.gov/whitenosesyndrome/pdf/ National_WNS_Decontamination_Protocol_v03.15.2012. pdf ). The chytrid fungus spread profusely in wild amphibians after African clawed frogs (Xenopus spp) became widely used in biomedical research and as a pregnancy assay for humans (Weldon et al. 2004) . Canine distemper has made the leap from domesticated dogs to critically endangered blackfooted ferrets, Serengeti lions, and wide variety of other species, and has resulted in substantial population impacts (Carpenter et al. 1976; Roelke-Parker et al. 1999 ).
Animal Use Regulations in the United States
Prior to the enactment of the Animal Welfare Act (AWA; 7 U.S.C. § § 2131-2159 [2011] ) in 1966 there were no federal regulations regarding the humane treatment of wild animals in research. The AWA gave authority to the United States Department of Agriculture's Animal and Plant Health Inspection Services (USDA/APHIS) to regulate the use of vertebrate animals in research. Congress passed this legislation quickly in response to public outcry over highly publicized mistreatment of dogs destined for biomedical research laboratories by dealers (Cowan 2010) . The text of the original AWA included only dogs, cats, monkeys (nonhuman primate mammals), guinea pigs, hamsters, and rabbits (http:// awic.nal.usda.gov/public-law-89-544-act-august-24-1966), but a 1970 Amendment expanded the list to include all warm-blooded animals as determined by the Secretary of Agriculture as being used or intended for use in research (http://awic.nal.usda.gov/public-law-91-579-animal-welfareact-amendments-1970). The definition of "animal" was amended in 2002 to specifically exclude birds, rats of the genus Rattus, and mice of the genus Mus that were bred for research (http://www.nal.usda.gov/awic/pubs/AWA2007/FedReg69_108 .pdf). The AWA remains the only federal law regulating the use of animals in research. Other laws, policies, and guidelines may extend coverage to additional taxa, or specify terms of animal use, but all agencies refer to the AWA as the minimum acceptable standard (http://awic.nal.usda.gov/government-andprofessional-resources/federal-laws/animal-welfare-act). Of these last, the most important extending coverage of the AWA is the Health Research Extension Act of 1985 (42 U.S.
C. §289[d] [2011]
). With this Act, Congress charged the National Institutes of Health to establish guidelines to ensure the proper care and treatment of animals to be used in biomedical and behavioral research. Any Public Health Services (PHS) grantee would be required to comply with the guidelines that were established as a condition of the grant. Responsibility for drafting the PHS policy to ensure compliance with the AWA fell to the National Institutes of Health Office of Laboratory Animal Welfare (NIH/OLAW, then known as the Office of Protection from Research Risks). This unit had been referencing the Guide for the Care and Use of Laboratory Animals ( produced by the Institute of Laboratory Animal Research of the National Research Council; known more commonly as the ILAR Guide) for many years in its policies, but with passage of the Health Research Extension Act and the requirement for compliance with the new PHS policy for grant recipients, the Guide became quasi-regulatory (Sikes et al. 2012 ).
Development of the Guide to the Care and Use of Laboratory Animals
The ILAR Guide to the Care and Use of Laboratory Animals was first published in 1963, as the Guide for Laboratory Animal Facilities and Care, and was intended to be utilized as a reference for humane operation and care of laboratory animals used in biomedical research [Wolfle (1999) provides a detailed history of the Guide]. Prior to the 7 th edition of the Guide, a biomedical focus on laboratory animals was evident throughout the text. In fact, animals and procedures for nonbiomedical research or purposes were often specifically excluded. For example, the preface of the 1985 edition states, "The purpose of this Guide is to assist institutions in caring for and using laboratory animals …" and, "The Guide provides information on common laboratory animals housed under a variety of circumstances. It is not an exhaustive review of all aspects of animal care and use; many different species of animals are studies in biomedical research that might not be covered in the Guide" (National Research Council 1985, p. v) . The last paragraph of the introduction in the 1985 version explicitly excludes agricultural animals that were not used in biomedical research:
For the purposes of this Guide, laboratory animals include any warm-blooded vertebrate animals used in research, testing, or education. Although marine mammals and cold-blooded animals are not discussed specifically, the humane principals stated are applicable to their care and use. The Guide deals with farm animals in the context of their use in biomedical research-not with their use on production agriculture (italics in the original, NRC 1985, p. 2).
Although wildlife studies and species were not excluded by name, the Guide's focus on biomedical research and exclusion of farm animals makes the intent clear. A broadening of the scope of the Guide became apparent in the 1996 and 2011 revisions (7 th and 8 th editions, respectively). Part of this change, obviously, was to meet the mandate of the 1985 Health Research Extension Act (42 U.S. C. §289 [d] [2011]), but the Guide went further, particularly with regard to wildlife and agricultural animals. The 1996 introduction states that the "goal of this Guide is to promote the humane care and use of animals in biomedical and behavioral research, teaching, and testing; the basic objective is to provide information that will enhance animal well-being, the quality of biomedical research, and the advancement of biologic knowledge that is relevant to humans or animals" (NRC 1996 , p. 1). The wording regarding "biomedical and behavioral research" mirrors exactly the language of the Health Research Extension Act. However, laboratory animals are defined as "any vertebrate animal (e.g., traditional laboratory animals, farm animals, wildlife and aquatic animals) used in research, teaching, or testing" (NRC 1996, p. 1) , and the explicit exclusion for non-biomedical use of agricultural animals is gone. The problem with the Guide, as it relates to wildlife, is that no practicing wildlife biologists were ever involved with drafting or reviewing of any of the eight editions (Sikes et al. 2012) , particularly the last two, where the language was changed to include wild species. Further, members of the revision committee, at least of the 8 th edition, had little or no expertise with wild vertebrates (Sikes et al. 2012) . As a consequence, considerations fundamental for work with wild animals are never addressed and illustrating examples have no relevance for field situations.
Whereas the ILAR Guide came into existence two decades before its use was mandated by PHS policy, guidelines for humane treatment of wild vertebrates in research came about after passage of the Health Research Extension Act in 1985. When this Act made compliance with the Guide a requirement for PHS funding, most other federal granting agencies adopted the requirement voluntarily. The National Science Foundation (NSF), which traditionally had funded considerable work involving wild species, realized the potential impact that compliance with the Guide might have for wildlife studies, and in 1986 urged professional taxon-based societies to develop guidelines appropriate for wild taxa and field settings (Orlans 1988 Sikes et al. 2012) . Similar mismatches occurred with regard to agricultural research and spurred formation of the Federation of Animal Science Societies (FASS) and publication of the Guide for the Care and Use of Agricultural Animals in Research and Teaching in 1988 (now in its 3 rd edition, FASS 2010). Just as there are fundamental differences among biomedical, wildlife, and agricultural research, there are also fundamental differences among the guidelines and standards appropriate for these areas of inquiry. Taxon-specific guidelines close this gap in coverage. They are fully compliant with federal regulatory requirements, but specific to wildlife and to working with wild animals in natural settings and captivity. Unfortunately, many IACUCs hesitate to use these resources rather than the Guide because they are not formally recognized as acceptable reference standards in the PHS policy or in the Guide. The primary impediment to their widespread use as standards for wildlife research is the explicit language of the PHS policy that requires compliance with the ILAR Guide. This language, while not technically regulatory, inhibits IACUC use of the more applicable documents from taxon specialists. Elsewhere (Sikes et al. 2012) we have called for formal recognition of taxon-specific guidelines as standards for oversight of wildlife research in the PHS policy. The NSF provided such recognition with the 2013 revision of their Grant Proposal Guide (http://www.nsf.gov/ pubs/policydocs/pappguide/nsf13001/gpgprint.pdf ). Page 13-1 of that document now reads:
6. Proposals Involving Vertebrate Animals a. Any project proposing use of vertebrate animals for research or education shall comply with the Animal Welfare Act [7 U.S.C. 2131 et seq.] and the regulations promulgated thereunder by the Secretary of Agriculture [9 CFR 1.1-4.11] pertaining to the humane care, handling, and treatment of vertebrate animals held or used for research, teaching or other activities supported by Federal awards. In accordance with these requirements, proposed projects involving use of any vertebrate animal for research or education must be approved by the submitting organization's Institutional Animal Care and Use Committee (IACUC) before an award can be made. For this approval to be accepted by NSF, the organization must have a current Public Health Service (PHS) Approved Assurance.
In the case of research involving the study of wildlife in the field or in the lab, for the provision in the PHS Assurance for Institutional Commitment (Section II) that requires the organization to establish and maintain a program for activities involving animals in accordance with the Guide for the Care and Use of Laboratory Animals (Guide), the organization has established and will maintain a program for activities involving animals according to the Guide. The organization will follow recommendations specified in the Guide for details involving laboratory animals, and taxon-specific guidelines approved by the American Society of Ichthyologists and Herpetologists (Beaupre et al 2004; Use of Fishes in Research Committee 2004) , the American Society of Mammalogists (Sikes et al. 2011) , and the Ornithological Council (Fair, Paul, and Jones 2010) , as is appropriate for the taxon to be studied.
Such recognition is appropriate and consistent with the recognition by the Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC International) of the FASS Agriculture Guide (http://www.aaalac.org/ accreditation/resources.cfm).
Oversight of Wildlife Research within the Regulatory Framework
Thoughtful and informed review of the ethical and humane considerations involved in working with wild animals poses a challenge for IACUCs. The simple fact is that most animals used in research are domesticated species in captive environments, not wild animals. As a consequence, IACUC members are usually appointed to meet the regulatory requirements and for their familiarity with animals that will constitute the bulk of their workload. With more than 52,000 species of vertebrate animals as potential research subjects for the wildlife biologist, and with a large number of diverse research questions and field conditions, the likelihood of a committee member or veterinarian having extensive expertise or experience with any given taxon listed in a protocol is small. The probability of IACUCs overlooking issues critical to wildlife research is increased if no member of the committee has any appreciable field experience, and if the committee is constrained to evaluate wildlife protocols against the NRC Guide as a required standard.
How might these deficiencies be addressed? The first obvious step is to increase familiarity with wildlife issues if such protocols will be reviewed. This can be accomplished in a number of ways. First and foremost, the investigator should be recognized as a partner and a resource for taxonspecific knowledge. Field biologists often study species with which they already have great familiarity, so their base of knowledge should not go untapped. The institution can also ensure that IACUCs include members with wildlife experience. This recommendation was made by the NSF when it adopted the PHS policy (Orlans 1988) . While one or a few IACUC members obviously cannot have expertise in every system, they will be familiar with population-level concerns common to studies with wild taxa. Where individuals with these credentials are not available or might constitute a conflict of interest, the IACUC can turn to other investigators who have familiarity with the same or a closely related species or system. Taxon-based professional societies are excellent resources for such expertise.
IACUCs and investigators must be empowered and encouraged to use taxon-specific guidelines as the appropriate standards against which to review wildlife protocols. These documents are fully consistent with current regulations and are updated regularly as new studies and data become available. Use of these documents will become easier through the education of IACUC members in regards to their advantage in evaluating wildlife protocols. For the past several years, sessions on oversight of wildlife research have been organized and presented at meetings that attract IACUC members (Scientists Center for Animal Welfare, and Public Responsibility in Medicine and Research). Additionally, the American Society of Mammalogists (ASM) and the Ornithological Council organized a conference on the oversight of wildlife research in October of 2011 and have plans to make this conference a recurring event. The Federal Demonstration Partnership (FDP) has solicited assistance from taxon societies in drafting a series of Frequently Asked Questions (FAQs) regarding oversight of wildlife in research. This document has been submitted for review by the Animal Subject subcommittee of the FDP Research Compliance Committee. Finally, the Collaborative Institutional Training Initiative (CITI) program is developing a wildlife-specific module, which will be a broadly used training tool. This module is designed specifically to educate investigators and IACUC members about ethical issues associated with research on wild taxa. While use of taxon-specific guidelines will soon become the industry standard for well-educated IACUCs, their official recognition in PHS policy as appropriate standards for wildlife research would hasten acceptance within the IACUC community.
Finally, IACUCs must understand the value of federal and state permits with regard to assurance that any potential population or community-level effects are minimal, or are justified. It is the responsibility of the agencies issuing these permits to ensure the health of populations within their jurisdictions. They maintain staff knowledgeable about the status of wildlife populations for which they are responsible. Recognition of these permits removes a burden from the IACUC that most are ill prepared to shoulder, and assures members that these wildlife-specific concerns have been addressed in an appropriate manner.
Concluding Thoughts
The differences in focus, goals, and the role of animals in wildlife and biomedical research are profound. Understanding the origin of these differences takes a great leap towards ensuring that animals are handled and studied in ethical and humane ways, regardless of research focus. Appropriate resources are available to facilitate the important work of both investigators and their IACUCs for development and review of wildlife protocols. Wise use of the full range of resources promotes good science and maximizes benefits for all actors within our research efforts.
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